There is a significant need for eye-safe lasers for remote atmospheric sensing in the 1.5 -1.8 µm regime, where the atmosphere transmits well, and where eyesafety is maintained while allowing a factor of 10 higher energy per single pulse as compared to adjacent wavelength bands on either side, and more than 1000 times higher than in the visible region. Furthermore, we believed that we could advantageously make use of optical communications technology around 1.5 µm. An urgent need is the measurement of wind velocity and wind shear for aircraft safety, and other applications include environmental sensing such as water vapour.
Following our first generation work, where we demonstrated for the first time that a three level Er:glass laser could be injection seeded to work as a transform limited coherent laser radar(1), we are building a second generation version designed to maximize the average power that can be extracted from a bulk glass host. It uses pulsed pump diode lasers and a conduction cooled, co-planar folded zig-zag slab (CPFS) gain medium (2) in an injection seeded, long Q switched pulsed configuration. This laser can operate at 60mJ per pulse at 10Hz in a standing wave configuration. As an injection seeded, Q switched laser the energy drops by a nearly a factor of 10, but this is due to partially avoidable losses and bleaching of the gain medium. For eye-safe operation it should not exceed 10mJ per pulse. The resonator used in this work was developed specifically for generating long pulse, single frequency Q-switched outputs in low gain laser media. We shall describe the latest results of this prototype laser and its properties for coherent single frequency sensing. A design for a third generation of this laser will also be discussed.
Although promising and working, the technology described above is limited by the thermal properties of the glass laser host. Furthermore, with the exception of the ready availability of single frequency fiber lasers for the master oscillator, we experienced little advantage in working at the communications wavelength, where the primary interest is on modulated cw, fiber sources as opposed to higher energy pulsed sources.
For this reason we have lately shifted our attention to crystal hosts, and shall describe results in the latest new design for a possible new direction based on a co-doped Er:Yb:YAG host, which looks very promising for pumping at 976nm, and lasing efficiently at 1645nm. This design would allow Nd:YAG laser head design approaches, making use of the greatly improved thermal properties of crystal hosts as compared to glass hosts. In all these lasers we are limited by fairly low gain due to the quasi 3-level lasing in erbium. In order to optimize the pump efficiency and the available gain length, we plan to make use of a new, proprietary, composite end-pumped, side-cooled, CPFS laser configuration, which we have developed for high power, single frequency, cw laser applications(3). We plan to produce this composite laser gain medium as a ceramic laser. We shall describe this laser design in detail.
In a parallel effort we have been working on producing a laser source for the remote detection of atmospheric pollutants, and constituents including water vapour. Our intent is to make use of the above laser technology for eye-safe sources, but there is an apparent lack of suitable, inexpensive detectors, for single photon counting in this wavelength regime. This has temporarily led us to investigate alternative approaches to satisfy the need for detecting water vapour. The approach is a low cost differential absorption lidar (DIAL), making use of inexpensive diode lasers operating at 830nm, and achieving eye safety by using low power and expanded transmitter apertures. A brief summary of this work will be included.
